Background: Elevation of the deep inferior epigastric perforator (DIEP) flap interrupts its superficial venous system, and if drainage through the deep venous system is inadequate the flap may develop congestion. The purpose of this retrospective study was to determine the fate of the congested DIEP flap and to optimize the strategy for its salvage. Methods: Thirty-two of 162 patients who underwent unilateral breast reconstruction with a DIEP flap developed venous congestion. For the purpose of outcome analysis, cases were retrospectively allocated to "observationonly" (group A, n ϭ 11), postoperative salvage (group B, n ϭ 7), and intraoperative salvage (group C, n ϭ 14), and complications among the various groups were compared to determine the necessity and optimal timing of salvage intervention. Results: Two flaps (1 in group A, another in group B) failed completely, giving a success rate 98.8%. The complication rate and hospital stay were significantly lower in group C than in group B (P ϭ 0.03, P ϭ 0.02). The rate of venous congestion requiring salvage procedures was 13%, with a salvage rate of 95%. Salvage procedures included venous augmentation with an additional recipient vein in 7 procedures, adding superficial inferior epigastric vein (SIEV) to DIEV in 11 procedures, and substituting with SIEV in 7 procedures. There was no statistical difference in flap salvage rate using the SIEV between "augmentation" and "substitution." Conclusions: The salvage procedures for venous compromised DIEP flap are better performed intraoperatively rather than postoperatively to prevent further complications. The engorged SIEV could be incorporated by anastomosing to an additional recipient vein or adding to the DIEV-internal mammary vein axis or substituting for DIEV.
V enous drainage of the lower abdominal skin and subcutaneous tissue occurs primarily through the superficial venous system and secondarily through the deep venous system, with perforating veins interconnecting the 2 systems. [1] [2] [3] [4] [5] During elevation of the deep inferior epigastric perforator (DIEP) flap the superficial system and many of the small perforating vessels are necessarily interrupted, and if the remaining interconnections with the deep system are inadequate the flap may become congested. 2, 5 This congestion becomes apparent quite early; either although the flap's pedicle is still connected on the abdomen or shortly after transfer, despite patency of the venous anastomosis.
Numerous alternatives are available to combat venous congestion, including pharmacological agents (heparin, papaverine, Dextran, urokinase, and prostaglandin E1), leeches, or surgical augmentation of venous outflow. 6 The latter has been reported in a wide variety of ways, including the incorporation of an additional recipient vein ͓internal mammary vein (IMV), 2, 7 external jugular vein, 8 thoracodorsal vein (TDV), 8, 9 lateral thoracic vein, 9 circumflex scapular vein, 10 cephalic vein, 7, 8, 11 or intercostal vein 9,12 ͔ and/or an additional donor vein ͓superficial inferior epigastric vein (SIEV), 2,7,9 -13 contralateral deep inferior epigastric vein (DIEVc), 12 perforating vein, 7, 11, 14, 15 or superficial circumflex iliac vein 11 ͔. However, the necessity of and outcome after venous augmentation procedures have not been evaluated scientifically, nor have the various procedures been compared with each other. The purpose of this retrospective study was to determine the fate of the intraoperatively congested DIEP flap and to optimize the surgical strategies for its salvage.
PATIENTS AND METHODS
Between March 2000 and August 2006, 32 of 162 patients developed a venous congestion in the DIEP flap when they underwent unilateral breast reconstruction. The patients' mean age was 47.2 Ϯ 8.8 years (range, 32-68 years) and the mean body mass index (BMI) was 22.8 Ϯ 2.7 kg/m 2 (range, 17.6 -31.5 kg/m 2 ). Seven patients underwent immediate (21.9%) and 25 (78.1%) delayed reconstruction. Five of the 32 patients (15.6%) had preoperative chest irradiation, 4 (12.5%) had a transverse abdominal scar, 5 (15.6%) had a midline abdominal scar, and 1 (3.1%) was a smoker. Patient's risk factors, including BMI, abdominal scar, preoperative radiotherapy, smoking history, numbers of perforators, and flap used percentage were compared between different groups.
Surgical Technique
The perforators of DIEA and the position of the bilateral SIEA/V are routinely marked with the patient supine on the operating table using a hand-held Doppler. The flap is raised as previously described with preservation of maximal lengths of bilateral SIEVs, 7 to 10 cm in length. 16 -18 The internal mammary vessels were the preferred recipient vessels; however, if unavailable, the thoracodorsal vessels or transverse cervical vessels were used. In most cases a single artery and vein were anastomosed. No routine postoperative anticoagulation measures are usually undertaken. However, heparin 5000 IU/d was administered intravenously for 5 days if the flap developed a venous congestion.
Venous compromise was defined as a purplish or plethoric fullness of the flap associated with brisk capillary refill (Ͻ1 second) and rapid and dark venous bleeding on puncture, despite a patent venous anastomosis. Venous congestion is differentiated from a reactive hyperemia that resolves spontaneously over the course of 20 to 30 minutes, by its persistence and increasing fullness. In all cases the venous anastomosis was checked and mechanical causes of anastomotic obstruction such as pressure, hematoma, or kinking were eradicated. Localized venous congestion was treated by excision of the congested area. Mild global venous congestion (secondary to vasospasm) may be successfully treated with irrigation of papaverine, xylocaine, or heparin infusion. In the early practice of the senior surgeon (M.-H.C.), the patients were allowed to leave the operating room without further surgical intervention if the venous congestion was deemed to have resolved sufficiently. Some venous compromised DIEP flaps because of vasospasm had uneventful courses with conservative treatment postoperatively. Some congested flaps became more aggravated with bleeding around the wound, and therefore underwent re-explorations of the pedicle postoperatively which usually resulted in higher complications of partial flap loss and fat necrosis. As the experiences were accumulated, the salvage procedures were moved to intraoperatively. If the DIEP flap developed a venous congestion post-DIEA/V anastomosing to IMA/V and presented no improvement to conservative treatment for 30 minutes intraoperatively, the salvage procedures will be added for adequate venous drainage.
For the purpose of outcome comparison, the patients with venous congested flaps were retrospectively divided into 3 groups as follows: group A, (n ϭ 11) the congested flap was conservatively treated with anticoagulants and observation; group B (n ϭ 7), those that required postoperative re-exploration and salvage procedures; and group C (n ϭ 14), those who underwent immediate, intraoperative salvage procedures (Fig. 1) . Group D (n ϭ 130), served as the control and was comprised of the remaining flaps that had no venous congestion at any time. Timing of salvage (intraoperative, postoperative) and salvage techniques (donor and recipient vessels, number, site, and type of anastomosis) and flap outcomes were documented at Table 1 .
Statistics
Statistical analysis was performed using SPSS, version 12.0 and Stata 9.1 statistical software. The Kolmogorov-Smirnov test was used to check normal distribution, and the one-way analysis of variance (ANOVA) was used for comparisons of hospital stay, flap-used weight, and percentage between the 4 groups, then the Bonferroni correction for post-hoc test. Yates' correction for continuity was used for number of perforators, vein grafts required, total flap failure, partial flap loss, fat necrosis, and total complication between the 4 groups. The P value of Ͻ0.05 was considered significant.
RESULTS
There were no significant differences between the 4 groups in BMI (F ϭ 0.66, df ϭ 3, P ϭ 0.58, ANOVA), abdominal scar (P ϭ 0.29, 2 test), radiotherapy (P ϭ 0.93, 2 test), and smoking history (P ϭ 0.46, 2 test). Where data was available (26 cases documented), 1 (n ϭ 15), 2 (n ϭ 9), or occasionally 3 (n ϭ 2) perforators were selected. The number of perforators in group A was significantly larger than in group B and C (P ϭ 0.03, and 0.05, respectively, Yates' correction for continuity) ( Table 2) .
Because of the relatively low BMI of the patient's population, smaller DIEP flaps (mean, 501.02 Ϯ 153.61 g; range, 355-1025 g) were raised and relatively large proportions of flaps were used (mean, 83.48 Ϯ 13%; range, 54%-100%) for the reconstructed breast mounds. The flap-used weight (431.4 Ϯ 138.2 g) and percentage (71.78% Ϯ 12.3%) in group B were less than other groups, which may be because of the excision of partial flap loss postvenous congestion ( Table 2 ). The flap-used weight was not statistically significant between the 4 groups (P ϭ 0.53, ANOVA test). There was a significant difference in flap-used percentage rate between the 4 groups (F ϭ 3.19, df ϭ 3, P ϭ 0.03, ANOVA test), especially between the groups C and B (P ϭ 0.04), and between the groups D and B (P ϭ 0.05) using the Bonferroni correction for post-hoc test ( Table 2) . The IMA/V (n ϭ 30), and occasionally the transverse cervical artery and vein (n ϭ 1) or thoracodorsal artery and vein (n ϭ 1) were used as the recipient vessels. In 26 of 32 cases a single artery and vein were anastomosed. In the remaining 6 cases, 2 veins were anastomosed (includes salvage procedures). Two flaps failed completely, giving a success rate 98.77% (160 of 162). One flap (case 9, in group A) failed without any salvage procedure and another flap (case 26, in group B) with re-exploration after 48 hours (Table 1) . Eleven patients developed a partial flap loss (11 of 162, 6.8%). Twenty-seven developed fat necrosis (27 of 162, 16.7%) defined on physical examination as a firm palpable subcutaneous mass Ͼ1 cm 2 , which was confirmed by ultrasound investigation and/or tissue biopsy. none of which required implants or further reconstruction after removal of fat necrosis.
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Thirteen DIEP flaps became congested while still in situ on the abdomen and did not respond to the application of xylocaine or Papaverine. After microvascular anastomoses to the IMA/V, 3 flaps recovered sufficiently enough to continue the rest of the surgery (group A); however, the remaining 10 congested flaps required intraoperative salvage procedures to relieve persistent venous congestion (group C) ( Fig. 1) (Table 1) . Nineteen flaps became congested postanastomoses despite patent venous anastomoses. Fifteen flaps recovered enough to leave the operating theater; however, 7 of them required postoperative re-exploration and salvage procedures (group B). The remaining 4 flaps underwent intraoperative salvage (group C) ( Table 1) .
The total flap failure in group B was significantly higher than in group D (P ϭ 0.04, Yates' correction for continuity). The total complication rate in group B was statistically increased than groups C and D (P ϭ 0.03, P ϭ 0.01, respectively, Yates' correction for continuity) ( Table 2 ). There was a significant difference in hospital stay between the 4 groups (F ϭ 5.96, df ϭ 3, P ϭ 0.01, ANOVA test). The hospital stay in group B was statistically longer than group C (P ϭ 0.02), and group D (P ϭ 0.02) using the Bonferroni correction for post-hoc test (Table 2) . Although the numbers were too small for statistical analysis in group B, it was noted that, flaps salvaged within 24 hours had no (n ϭ 2) or minor (n ϭ 2) complications (1 with 2 ϫ 1 cm fat necrosis, 1 with 5 ϫ 1 cm fat necrosis) comparing with flaps salvaged at 24 to 48 hours (n ϭ 3) had higher and more severe complications (2 partial flap loss, 1 total flap loss).
Venous congestion requiring salvage procedures was 12.96% (21 of 162) with a successful salvage rate of 95.23% (20 of 21) (Tables 1 and 2 ). The salvage procedures of venous congestion (groups B and C) included augmenting with either an additional recipient vein in 7 procedures or adding the SIEV to the DIEV in 11 procedures, and substituting the DIEV with the SIEV in 6 procedures. One (case 28) received both augmentation and substitution procedures. One (case 10) received 2 additional veins anastomoses ( Table 1 ). The SIEV was incorporated into the anastomosis for the venous congested flaps requiring operative intervention in 20 of 21 cases (groups B and C). The remaining case (1 of 21, case 18, group C) was salvaged by anastomosing a second DIEV to IMV 2 . The SIEV was anastomosed to an additional recipient vein such as thoracoacromial vein, TDV (Fig. 2) , IMV 2 , external jugular vein, and distal IMV (Fig. 3) in 6 cases (26.0%) . If no additional recipient vein was available, the SIEV was hooked up to the DIEV-IMV axis with end-to-side fashion (Fig. 4) or to a side branch of the DIEV-IMV axis end-to-end in 11 cases (47.8%). One case (4.3%, case 7) had both an additional vein and augmentation to the DIEV-IMVaxis ( Table 1) .
The group B usually required interposition with a venous graft (5 of 7, 71.4%) ( Table 1) . With experience, "salvage" procedures were moved earlier and vein grafts became less necessary 
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Salvage of Congested DIEP Flap statistically higher than the other 3 groups (P Ͻ 0.01, P ϭ 0.01, P ϭ 0.01, respectively, Yates' correction for continuity) ( Table 2) . Intraoperative procedures alleviate venous congestion including SIEV augmentation of the patent DIEV-IMV axis (9 of 14). Continued experience of venous salvage allowed us to substitute the patent DIEV with the SIEV (6 of 14) (Figs. 1 and 5 ). Only 1 intraoperative salvage case (case 28) had both augmentation and substitute of SIEVs procedure. In these cases, flap inset and breast mound shaping can be optimized around a single anastomotic locus with the engorged ipsilateral SIEV, which was anastomosed to the DIEV-IMV axis (Figs. 4 and 6 ). There was no statistical difference in flap salvage rate using the SIEV between "augmentation" (17 of 18 procedures, deep and superficial venous system) and "substitution" (6 of 6 procedures, superficial system only) for venous drainage (P ϭ 1, Fisher exact test).
DISCUSSION
The DIEP flap has evolved to minimize the donor site morbidity compared with earlier techniques using the lower abdominal tissue for breast reconstruction. 19 -21 However, with the inclusion of only a few large perforators and the sacrifice of the many small but collectively significant perforators-combined with the interruption of the superficial veins-venous drainage can be insufficient. Indeed, venous congestion has been identified as a major disadvantage of the DIEP flap, 2, 7, [21] [22] [23] [24] and recent studies have shown that venous insufficiency may pose a greater limitation on flap territory and viability than arterial inflow. 2, 5 The incidence of venous congestion in this series (20%) was greater than the 2% to 15% incidence reported in the literature. 2, 7, 21, 23, 25 This may be due in part to the large percentage of abdominal tissue (mean, 83.48% Ϯ 13%) routinely used for breast mound shaping, including much of the random zone IV (Table 2 ). Another possibility is that our rather high sensitivity to the signs of congestion resulted in over-diagnosis. The incidence of venous congestion in this series drops to 13% if cases not requiring salvage are excluded. However, the actual incidence of venous congestion is higher than is generally appreciated because the early and subtle signs are often overlooked. Venous congestion, when it occurs, almost always becomes evident intraoperatively. Indeed, there were no cases of congestion in this series that did not demonstrate intraoperative signs of congestion, either during flap dissection or after transfer. Flaps that become congested before division of the pedicle likely suffer from inherent insufficiency of the venous perforators and in most instances (70% of such cases in this series) will require a salvage procedure. Supernormal inflow from the internal mammary artery may also contribute to or exacerbate venous insufficiency in flaps that exhibit signs of congestion after transfer. In neither situation is observation a reliable approach. The signs are sometimes barely perceptible but should not be ignored or denied, as the danger of significant complications is high.
It is important to recognize that a DIEP flap (or any free cutaneous flap) may occasionally demonstrate an initial ruddy fullness with brisk capillary refill as a consequence of reactive hyperemia following reperfusion. This hyperemia resolves spontaneously in 20 to 30 minutes, distinguishing it from congestion, which may initially present with a similar ruddy fullness but within 5 to 15 minutes acquires a characteristic purplish hue. Again, such distinctions can be subtle, but recognition of the early signs of congestion is an invaluable microsurgical skill that requires experience to hone. The evolution of our approach to venous congestion is, in part, a reflection of our evolving skill in this regard. Indeed, it is possible that some of our early "successes" in group A (observation-only) were in fact mistaken cases of hyperemia, thus understating the danger of not intervening intraoperatively in cases of true venous congestion.
Successful flap harvest depends first and foremost on selecting the dominant perforator(s) that provide the majority of inflow and outflow. If the perforators appear inadequate in caliber or are unfavorable in location, a conventional free transverse rectus abdominis myocutaneous flap can be employed to preserve as many of the small perforating vessels as possible. 26 However, congestion will not become apparent until after the DIEP flap has been dissected or transferred. If congestion primarily affects zone IV (the portion of the flap farthest from the perforators and thus the most susceptible area to congestion 16, 27 ), treatment is straightforward-excision of the affected tissue. This may reduce the venous load and ameliorate any remaining congestion in the rest of the flap. On the other hand, if congestion affects the entire flap a decision must be made whether to surgically enhance venous outflow. As can be inferred from this series, our approach to this problem has evolved with experience and now includes earlier and more decisive intervention.
The first and most conservative step to address the globally congested flap-assuming the anastomosis is patent and the pedicle is not twisted or kinked-is to irrigate the pedicle with lidocaine and/or papaverine and to administer intravenous heparin. Such measures often result in mild to moderate improvement. In the early part of this series no further intraoperative intervention was typically performed. Some patients, presumably affected by vasospasm, had spontaneous resolution and an uneventful postoperative course. However, in some cases the congestion persisted postoperatively, often aggravated by bleeding around the flap, and resulting in greater likelihood of partial flap loss and/or fat necrosis. These patients were returned to the operating room for exploration and salvage, but outcomes were still sometimes disappointing. Over time it became apparent that earlier intervention resulted in better outcomes. In the latter part of the series the salvage procedures were therefore moved to the time of the initial operation, in effect "pre-empting" the sequelae of venous compromise.
The idea of "supercharging" the venous outflow of DIEP and transverse rectus abdominis myocutaneous flaps by anastomosing the SIEV to an additional recipient vein is well established, 2, [7] [8] [9] [10] [11] [12] 22, 25, 27 and we agree that this is an effective means of augmenting venous outflow. However, a vein graft with an additional scar will probably be necessary if the additional recipient vein is distant such as cephalic vein; and if the flap is tethered at 2 separate loci, proper positioning and shaping of the reconstructed breast mound can be difficult. As evidenced by our study and others, 2,7-13 the incorporation of the superficial venous system (primarily via the SIEV), rather than the addition of a second recipient vein, appears to be the critical factor in relieving congestion. In fact, in this series congestion was reliably corrected by taking down the original (and still patent) first deep inferior epigastric vein-IMV-1 anastomosis and performing a (substituting) anastomosis between the engorged SIEV and IMV-1. Hence it has become our preference to use the original DIEV-IMV axis as the recipient for the SIEV (usually the more conveniently located ipsilateral SIEV), thereby obviating the need for a vein graft and facilitating optimal breast shaping while providing equivalent salvage potential. These concepts are reflected in our algorithm for the treatment of intraoperative congestion (Fig. 6) .
With regard to timing of the salvage procedure, our study indicates that earlier, especially intraoperative, is generally better. This stands to reason, as the pathophysiologic state of congestion is corrected as soon as possible. However, we do not go so far as how to use the SIEV in the initial outflow anastomosis, primarily because it resides some distance from the arterial axis. Nonetheless, we do feel that early signs of congestion indicate reliance of the flap on the superficial system, and we have a very low threshold for performing an intraoperative salvage procedure. The patients' grouping really represents our advancing levels of experience as DIEP surgeons and the evolution of our approach to dealing with venous congestion.
CONCLUSIONS
Vigilant inspection for signs of congestion and a low threshold for intervention should be employed. Salvage procedures can be highly successful and are better performed intraoperatively. The engorged SIEV can be incorporated into the venous drainage by anastomosing to the DIEV-IMV axis or substituting for DIEV as they provide excellent resolution of congestion while permitting unrestricted flap positioning. 
